
UNCLASSIFIED 

AD  4 2 3 2 5 9 

DEFENSE DOCUMENTATION CENTER 
FOR 

SCIENTIFIC AND TECHNICAL INFORMATION 

CAMERON STATION. ALEXANDRIA. VIRGINIA 

UNCLASSIFIED 



- gnasMmBBBi^ 

NOTICE: When government or other drawings, speci- 
fications or other data are used for any purpose 
other than in connection with a definitely related 
government procurement operation, the U. S. 
Government thereby incurs no responsibility, nor any 
obligation whatsoever; and the fact that the Govern- 
ment may have fonnulated, furnished, or in any way 
supplied the said drawings, specifications, or other 
data is not to be regarded by Implication or other- 
wise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights 
or permission to manufacture, use or sell any 
patented invention that may In any way be related 
thereto. 



REPORT   R-I688 

U  MM TED STATES ARMY 

CD 
^ 

gtSl.. 

I 

8a 
ot) 

C 

1 

CJ> 

FRANKFORD 
ARSENAL 

DEVELOPMENT OF VIBR^^TION RESISTANT PROPELLANTS 
FOR THE M91 CARTRIDGE FOR 

PROPELLANT ACTUATED DEVICES 

II.      Single Grain Extruded Charge 

by 

M.   E,   LEVY 

and 

W,   WHITE 

OMS   Code  4110.16.8100.1.33 

■ 

li    ,,    d 
JULY   1963 

PHILADELPHIA  37, PA. 



=RH! 

Requests for copies will be made to Defense Documentation 
Center,   Cameron Station,   Alexandria,   Va. 

The findings in this report are not to be construed as an official 
Department of the Army position. 



REPORT R-1688 

DEVELOPMENT OF VIBRATION RESISTANT PROPELLANTS FOR 
THE M91 CARTRIÖGE FOR PROPELLANT ACTUATED DEVICES 

II.     Single Grain Extruded Charge 

OMS 4110. 16. 8100. 1. 33 

Prepared by: 

Reviewed bv 

Approved by: 

For 

M.   E.   LEVY 
Chemist      *. 

W.   W.   WHITE 
Chemist 

C.   W/iDITTRICH 
Chief 
Propellants an.d Explosives Section 

w. J. KRO:^^:R 
Director 
Pitman-Dunn Institute for Research 

C.  C.  FAWCETT 
Technical Director 
Researc]pr~e,nd Development Group 

,   Jr.       V R.  E.  BASSLER; 
Lt Colonel,  Ordnance Corps 
Chief 
Research and Development Group 

GEORGE H.  PIERRE,  Jr. 
Colonel,   Ordnance Corps 
Commanding 

RESEARCH AND DEVELOPMENT GROUP 
FRANKFORD ARSENAL 

Philadelphia,      Pa, 

July   1963 



ABSTRACT 
\ 

An integrated assembly of a single,  extruded, multiperforated, 
propellant grain and the required igniter charge was developed which 
met the ballistic specifications at normal temperature for the M91 
cartridge for propellant actuated devices.    To provide for high 
vibration resistance, the propellant grain was bonded to the case and 
the igniter was^bonded to the top surface of the grain. 

While this concept has been shown to be feasible,  widespread 
application^of this system to PAD cartridges is not warranted since a 
different single grain propellant charge would have to be extruded for 
each cartridge type. 



I N T R O D U C T I O N 

_ 1 

In v i e w of t h e s e v e r e v i b r a t i o n c o n d i t i o n s to w h i c h P A D s y s t e m s 
e m p l o y e d in t h e r o c k e t and m i s s i l e f i e l d a r e s u b j e c t e d , a p r o g r a m w a s 
u n d e r t a k e n t o d e v e l o p a P A D c a r t r i d g e c a p a b l e of w i t h s t a n d i n g e x t r e m e 
v i b r a t i o n w i t h o u t i m p a i r m e n t of p r o p e r t i e s o r p e r f o r m a n c e . T h e M 9 1 
c a r t r i d g e w a s s e l e c t e d a s t h e t e s t v e h i c l e s i n c e i t i s u s e d in t h e m i n i a -
t u r e i n i t i a t o r ( M 2 7 / M 2 8 ) d e s i g n e d t o r e p l a c e t h e w i d e l y u s e d M 3 i n i t i a -
t o r . A m o d i f i e d v e r s i o n of t h e M 9 1 c a r t r i d g e , i n c o r p o r a t i n g a n i n e r t , 
p o l y e t h y l e n e i n s e r t t o p r o v i d e i n c r e a s e d v i b r a t i o n r e s i s t a n c e f o r t h e 
l o o s e m a I m p e r f o r a t e d p r o p e l l a n t , w a s p r e v i o u s l y d e v e l o p e d f o r P r o j e c t 
M e r c u r y . ' ' I t w a s be l i eved . , h o w e v e r , t h a t a d d i t i o n a l i m p r o v e m e n t 
c o u l d b e a t t a i n e d b y d e v e l o p i n g a c h a r g e s p e c i f i c a l l y d e s i g n e d f o r v i -
b r a t i o n r e s i s t a n c e , t h u s o b v i a t i n g t h e n e e d f o r t h e i n e r t s e p a r a t o r . 
F u r t h e r m o r e , t h e r e w a s a q u e s t i o n a s to w h e t h e r t h e n i t r a t e e s t e r 
p r o p e l l a n t u s e d i n t h e m o d i f i e d c a r t r i d g e w o u l d p r o v i d e a d e q u a t e 
t h e r m a l s t a b i l i t y . 

r 

A p r o g r a m w a s t h e r e f o r e u n d e r t a k e n w h i c h r e s u l t e d in t h e d e -
v e l o p m e n t of i n t e g r a t e d p r o p e l l a n t c h a r g e s b o n d e d t o t h e c a s e w a l l . 
B o n d i n g in t h i s m a n n e r p r o v i d e d a c a r t r i d g e h a v i n g h i g h v i b r a t i o n r e -
s i s t a n c e s i n c e t h e c h a r g e v i b r a t e d in u n i s o n w i t h t h e c a s e . S t a n d a r d 
I 5 AD c a r t r i d g e s , on t h e o t h e r h a n d , a r e a s s e m b l e d w i t h l o o s e g r a n u l a r 
p r o p e l l a n t and b l a c k p o w d e r w h i c h m o v e f r e e l y in t h e c a s e and a r e s u b -
j e c t e d t o s u b s t a n t i a l c a s e i m p a c t d u r i n g v i b r a t i o n . 

T w o p a r a l l e l a p p r o a c h e s t o t h e i n t e g r a t e d c h a r g e d e v e l o p m e n t 
w e r e f o l l o w e d . One w a s b a s e d u p o n a s i n g l e g r a i n m o l d e d f r o m s m a l l 
g r a n u l a t i o n e x t r u d e d p r o p e l l a n t ; che o t h e r , u p o n a s i n g l e e x t r u d e d m u l t i 
p e r f o r a t e d g r a m . T h e d e v e l o p m e n t of a m o l d e d c h a r g e , w h i c h m e t 
b a l l i s t i c r e q u i r e m e n t s and y i e l d e d i m p r o v e d t h e r m a l s t a b i l i t y and v i -
b r a t i o n r e s i s t a n c e , i s d e s c r i b e d in a p r e v i o u s r e p o r t . j n t h e m o l d e d 
g r a m a p p r o a c h , t h e r e q u i r e d h i g h m a s s b u r n i n g r a t e w a s - m e t b y a n 
i n t e g r a t e d p r o p e l l a n t - b i n d e r c h a r g e w h i c h b u r n e d i n a c c o r d a n c e w i t h 
t h e c h a r a c t e r i s t i c s of t h e g r a n u l a r p r o p e l l a n t . T h e i n v e s t i g a t i o n d e -
s c r i b e d h e r e i n c o n c e r n s t h e d e v e l o p m e n t of a n i n t e g r a t e d a s s e m b l y of 
a s i n g l e e x t r u d e d g r a m and i g n i t e r c h a r g e . Due to f u n d i n g l i m i t a t i o n s , 
t h i s p h a s e of t h e i n v e s t i g a t i o n w a s n o t c a r r i e d t o c o m p l e t i o n . H o w e v e r , 
t h e f e a s i b i l i t y oz s u c h a n a p p r o a c h w a s d e m o n s t r a t e d . 

S e e R E F E R E N C E S . 
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APPROACH 

Since the objectives of the program stipulated both high vibra- 
tion resistance and thermal stability,   composite solid propellant formu- 
lations which offer high thermal stability were used in the development 
of the single extruded grain charge for the M91 cartridge.    Previous 
work had shown that composite solid propellants (consisting primarily 
of a high energy oxidizer,   embedded in a fuel binder) exhibited greater 
thermal stability than nitrate ester types. ^   »    »    ' 

The shaded area in Figure  1 illustrates the volume available for 
a single grc.in charge  (of simple cylindrical form) in the M91 cartridge. 

Figure   1, 

f-0.656  in.- 

Schematic Diagram of M91 Cartridge 

An extruded grain occupying the full available volume would weigh, sub- 
stantially more than the standard loose granular propellant charge (ap- 
proximately 30 grains).    Consequently,   it was decided to control the 
charge weight of the single extruded grain primarily through its height, 
with the. outer diameter of the charge similar to that of the case to per- 
mit bonding between the lateral surface of the grain and the case.    In 
view of the high rate of gas evolution required in this cartridge,   a multi- 
perforated configuration was employed to attain a large burning surface 
in the single grain.    It was planned to investigate 7- and 19-perforation 
configurations,   the latter to be used if the 7-perforation type did not 
provide sufficient burning surface.    Since the 7-perforation geometry 
yielded the required gas generation rates,   no work was conducted with 
the other type. 

Z 



Black powder , which o f f e r ed s a t i s f a c t o r y t h e r m a l s tab i l i ty f o r the 
p u r p o s e s of th is p r o g r a m , was in i t i a l ly u sed as the ign i t e r c h a r g e . How-
e v e r , i t was d e t e r m i n e d that a m o r e e f f i c i en t b o o s t e r was r e q u i r e d fo r 
igni t ion of the s ingle ex t ruded g r a in . Consequent ly , the b lack powder 
was r e p l a c e d by a b o r o n - p o t a s s i u m n i t r a t e i g n i t e r . 

Tes t f i r i n g s of the v a r i o u s p r o p e l l a n t s y s t e m s w e r e conducted by 
a s s e m b l i n g the M91 c a r t r i d g e in an MZ7 in i t i a to r , to which was a t t ached 
a 15-foot length of No. 4 r u b b e r - l i n e d a i r c r a f t hydrau l i c hose connected 
to an Aberdeen P rov ing Ground 1. 0 cubic inch vo lume t e s t f i x t u r e , which 
was f i t ted with a p i e z o e l e c t r i c gage . 

Ba l l i s t i c r e q u i r e m e n t s f o r th is c a r t r i d g e ca l l f o r m i n i m u m indiv i -
dual p r e s s u r e s of 5GC, 575, and 625 p s i at - 5 4 ° , 21°, and 71° C (-65®, 
70°, and 160° F) , r e s p e c t i v e l y , when f i r e d in the s t a n d a r d t e s t f i x t u r e . ^ 
While t h e r e is no r e q u i r e m e n t r e g a r d i n g the m a x i m u m gas p r e s s u r e , a 
value l e s s than 1500 ps i i s c o n s i d e r e d d e s i r a b l e . S tandard M91 c a r t r i d g e s 
which contain the a m m o n i u m p e r c h l o r a t e - b a s e d HES 5808. 7 p rope l l an t 
gene ra l l y yield p r e s s u r e s of a p p r o x i m a t e l y 1000 ps i at 21* C. In addi -
t ion, it. is r e q u i r e d tha t the igni t ion d e l a y of e a c h c a r t r i d g e should not 
exceed 65 m i l l i s e c o n d s . This value is def ined a s the t i m e be tween f i r i n g 
of the p r i m e r and the beginning of a cont inuous p r e s s u r e r i s e on the 
p r e s s u r e - t i m e t r a c e . Ail t e s t f i r i n g s in th is inves t iga t ion w e r e conducted 
at 21* C. 

RESU LT8 

P r e l i m i n a r y f i r i n g s w e r e conducted with v a r i o u s m u l t i p e r f o r a t e d 
compos i t e p r o p e l l a n t s of a m m o n i u m p e r c h l o r a t e - c e l l u l o s e a c e t a t e and 
RDX-ce l lu lose ace t a t e c o m p o s i t i o n s . P r e v i o u s e t u d i e s ' ^ ' ind ica ted 
these two types had s i m i l a r l y high l eve l s of t h e r m a l s tab i l i ty . Since 
t he se p r o p e l l a n t s had d i m e n s i o n s s i m i l a r to those of the s t a n d a r d a m -
mon ium p e r c h l o r a t e - c e l l u l o s e ace t a t e HES 5808. 7 p r o p e l l a n t , they a l l 
y ie lded loose f i t t ing c h a r g e s of individual p r o p e l l a n t g r a i n s when loaded 
into the M91 c a r t r i d g e . The compos i t i ons and d i m e n s i o n s of the d i f f e r -
ent p r o p e l l a n t s , a l l of which w e r e g raph i t e coa ted , a r e show:'', in Table I. 

The r e s u l t s obtained with the v a r i o u s p r o p e l l a n t s a r e shown in 
Table IX. In. a l l c a s e s , the s t a n d a r d i gn i t e r c h a r g e of 6 g r a i n s A4 b lack 
powder was sodded. 

3 
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HES 5806.2,   the propellant having the lowest RDX content, 
yielded incomplete combustion in four out of five firings.    All of the 
other propellants gave satisfactory performance.    Mean pressures 
were similar to those obtained with the standard cartridge (approxi- 
mately 1000 psi). 

Cases loaded with thr. RDX-based propellants were difficult to 
remove from the initiator after firing;   those containing tSe ammonium 
perchlorate-bascd propellant were easily removed.     This sticking is 
probably due to the formation of a »olid reaction product which deposited 
ir the narrow free apace between the inner wall of the initiator and the 
outer wall of the case. 

It was therefor* decided to employ the anrnwAiutn perchlorate- 
cellulosc acetate forim»l£.tiar< fKES $608} in the development of a single 
extruded multiperforated gpain,  havLtg an outer diameter similar to 
the inner diameter of the M?l case.    Attempts to extrude ^-perforated 
HES 5808 grains in this large diameter were ursuccessfi»!.    The grains 
were brittle and cracked upon dryir g.    Substitution of a polyacryltc rub- 
ber binder ^Hyear 4021):,   compo*ed of a copolymer ef acrylic acid 
e^ter and a halogen-cen*atft*f>g derivative,  removed the processing dif- 
ficulties,  permitting preparation of large diameter tnultiperforated 
propellant sticks.    fTV- proprila t composition uted, identified as 
HES 6405,  was developed u-djr a «tmc^rroitt project directed toward 
heat resistant propellants. f"' 

The compositior« a^d physi,:ai dimensions of the large diameter 
propellant,  designated HES 6409.4,   are give», in Table Ml. 

Desired charge weights were obtained by cutting the propellant 
stick to various lengths.     The ends of the cut pieces,   consequently,   had 
no graphite coating.    The cut pieces were bonded to the case using a 
solution of cellulose acetate in an equal volume mixture of acetone and 
ethyl alcohol.    Since the extruded piece fO. 581 in.   diameter) was con- 
siderably smaller than the case diameter (0.656 in.),  bonding occurred 
primarily at the base.     The bonded charges adhered firmly to the case 
and could not be dislodged by either hand or mechanical agitation.    Vari- 
ous weights of A4 black powder (6,   8,   and 10 grains) were then added. 
Firings were conducted and the results are shown in Table IV. 

Source:   B.   F.   Goodrich Chemical Company. 



TABLE  IK.      Description of HES 6405. 6 Propellanta 

Composition (%) 
Ammonium perchlorate 
Hycar 4021 
DMP-30 (tri-dimqlhylamine methyl phenol) 
Sulfur 
Graphite glaze (added) 

Outer diameter {in. ) 
Perforation diameter (in. ) 
Liner web (in. ) 
Outer web (in. ) 
Length (in. ) 
Number of perforations 

aSource:   Hercules Powder Company 

84. 00 
15. 55 
0. 35 
0. 10 
0. 10 

Dimen sions 

0. 581 
0.051 
0. 133 
0.081 
4 
7 

TABLE  IV.      Firings with Extruded HES 6405.6 Grains 

(Black Powder Loose in Cartridge) 

Weight <g r) Peak 
Pressure 

Ignition 
Delay 

Rise 
HES 6405. 6 A4 Black Time 
Propellant Powder fo>si) (m|»ec) (msec) 

25 6 400 9 18 
25 8 740 10 12 
25 10 520 13 12 

28 6 600 14 19 
28 8 510 13 1* 
28 10 1030 11 12 

31 6 580 12 1* 
31 8 640 14 *5 
31 10 1220 10 16 

34 6 1410 11 10 
34 8 1560 8 8 



All c h a r g e s ign i ted r e a d i l y ; h o w e v e r , low p r e s s u r e s w e r e ob ta ined 
wi th p r o p e l l a n t c h a r g e s of 31 g r a i n s or l e s s and 6 or 8 g r a i n s b l a c k pow-
d e r . The f a c t t ha t the 10-gra:in b l a c k powder c h a r g e wi th 28 and 31 
g r a i n s HES 6405. 6 p r o p e l l a n t y i e lded a p p r o x i m a t e l y tw ice t he p r e s s u r e 
ob ta ined wi th the two li g h t e r b l a c k p o w d e r we igh t s r ad i ca t ed the i m p o r t -
ance of ign i t ion in th i s s y s t e m . Add i t iona l f i r i n g s w e r e conduc ted u s i n g 
p r o p e l l a n t we igh t s in t he r a n g e 28 to 31 g r a i n s wi th b l a c k p o w d e r c h a r g e s 
of 10, 12, and 14 g r a i n s . 

To e f f e c t m o r e r e p r o d u c i b l e ign i t ion , sha l low 0. 003 in . t h i ck p l a s -
t ic cups w e r e m a d e , hav ing a d i a m e t e r e q u a l t o t ha t of t he ca.ee. The 
b l a c k p o w d e r was p l a c e d in t h e s e c u p s and the t o p was staaled wi th an 
u. 003 in . t h i ck a d h e s i v e ce l lophane m a t e r i a l . The c 4 p f w e r e then 
bonded wi th c e l l u l o s e ac s i f l t e t o t he t o p of the p r o p e l l a n t grain® and the 
g r a i n s bonded t o t h e c a e e . T h i s a r r a n g e m e n t p r o v i d e d f o r u n i f o r m ign i -
t ion of bo th t he t o p s u r f a c e c t the p r o p e l l a n t g r a i n and s u r f a c e of t he 
p e r f o r a t i o n s . The r e s u l t s of t e s t f i r i n g s a r e shown in T a b l e V. 

R e p r o d u c i b i l i t y a p p e a r e d t o be s i m i l a r t c t ha t o b t a i n e d wi th s t a n d -
a r d c a r t r i d g e s . P e a k p r e s s u r e s w e r e s l i gh t ly g r e a t e r thai? t h e d e s i r e d 
l e v e l ; h o w e v e r , t h e s e cou ld be r e d u c e d t h r o u g h r e d u c t i o n i s we igh t of 
t he p r o p e l l a n t a n d / o r t h e b l a c x p o w d e r . T h u s , the r e s u l t s i n d i c a t e d 
the f e a s i b i l i t y of a s i ng l e e x t r u d e d p r o p e l l a n t g r a i n ki t he M 9 I c a r t r i d g e . 

ftix.ee the d i a m e t e r of t he HES 6 4 0 5 . 6 p r o p e l l a n t w a s c o n s i d e r a b l y 
s m a l l e r t h a n t h a t of t h e c a s e , it w a s d e c i d e d to conduc t f u r t h e r t e s t s wi th 
a s l ight ly l a r g e r d i a m e t e r e x t r u d e d p r o p e l l a n t , f i t t i ng m o r e t i gh t ly in t he 
e s s e . Th i s p r o p e l l a n t w a s c u t t o a l eng th y i e ld ing p i e c e s hav ing an a v e r -
age weight of 30, 2 it 0. 5 g r a i n s . P r e v i o u s f i r i n g s ha d i n d i c a t e d t he r e -
q u i r e d p r o p e l l a n t c h a r g e would b e a p p r o x i m a t e l y t h i s w e i g h t . The d i -
m e n s i o n s of t h e p r o p e l l a n t , d e s i g n a t e d H £ 3 6405. 9, a r e shown in T a b l e 
VT. 

C a r t r i d g e s w e r e a s s e m b l e d by band ing the b o t t o m and l a t e r a l s u r -
f a c e s oi the e x t r u d e d g r a i n t o t he c a s e and t h e n bond ing s e l e c t e d we igh t s 

A3a b l a c k p o w d e r t o the top s u r f a c e of the p r o p e l l a n t g r a i n . The A3a 
b l a c k p o w d e r w a s s u b s t i t u t e d tot t h e A4 type s i n c e i t w a s b e l i e v e d tha t 
t he s l i gh t ly c o a r s e r g r a n u l a t i o n of t he f o r m e r would provide f o r i m -
p r o v e d ign i t ion of the e x t r u d e d g r a i n . H y c a r 402 i in an e q u a l v o l u m e 
m i x t u r e of a c e t o n e and e thy l a l coho l w a s u s e d to bond the v a r i o u s c o n -
s t i t u e n t s . The r e s u l t s of f i r i n g s a r e p r e s e n t e d in Tab le VII. 
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TABLE   V.      Firings with Extruded HES 6405.6 Grain 

(Black powder contained in cup bonded to grtün) 

HES 6405. 6 
Propellant 

28 

Weight (gr) 

28 

29 

29 

31 

A4 Black 
Powder 

12 

Avg 

14 

Avg 

10 

Avg 

12 

Avg 

10 

Avg 

Peak 
Pressure 

(psi) 

1400 
1430 
1340 

1390 

1320 
1280 
1260 

1287 

1140 
5200 
1260 

1200 

1340 
1440 
1340 

1373 

1610 
1420 
1470 

1500 

Ignition Rise 
Delay Time 
(msec) (msec) 

7 9 
7 9 
6 8 

7 9 

7 8 
8 9 
8 9 

8 9 

11 13 
10 14 

9 13 
10 13 

7 11 
7 10 
6 9 

7 10 

9 10 
9 9 
9 10 

10 

TABLE  VI.      Dimensions of HES 6405. 9 Propellanta 

Outer diameter (in. ) 
Perforation diameter (irj. ) 
Inner web (in, ) 
Outer web (ii:. ) 
Length (in. ) 
Number perforations 
Average weight per piece (gr) 

Source:   Hercules Powder Company. 

9 

0.607 
0.062 
0. 103 
0. 108 
0.257 
7 

30.2 
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TABLE   VII.      Firings with Extruded HES 6405. 9 Propellant and 
Bonded Charges  of A3a Black Powder 

Weight Peak Ignition Rise 
A3a Black Powder Pr 3ss\ire Delay Time 

(gr) (psi) (msec) 

14 

(msec) 

8 640 13 
510 16 12 
590 2 0 11 
600 9 13 
580 IZ 11 

10 480 14 15 
900 13 12 
580 11 14 
980 11 9 
860 11 11 

12 1080 9 11 
980 9 11 
880 II 12 

1040 10 10 
680 10 12 

Average values are not preDenteil in view of the considerable varia- 
tion in peak pressure obtained with the \0- and 22-grain black powder 
charges-.     While the pressures obtained with the 8-grain black powder 
charge ware uniform,   they were undeairably Xow.    Increasing the charge 
produced a shift to higher pressures;  however^individual low values 
were still obtained.     Thus,   while ignition with the B-grain charge was 
probably insufficient,   ignition with the 1C- and 12-g*ain charges was 
marginal,   causing the wide pressure variation». 

Previous firings with 10- or IZ-grain A4 black powder charges 
and similar weights of HES 6405. 6 propellant (see Table V) yielded sa- 
tisfactory uniformity.    Furthermore,   the preesures were greater than 
even the "high" values obtained with the HES 6405.9 propellant.     This 
diffarence was believed attributable to either of two factors.     The 
slightly greater diameter of the HES 6405.9 grain (0.607'in.),.   as corn- 
fared with that of HES 6405.6 (0. 581 in..),  could have resulted in a lower 

10 



gas generation rate with the former since its tighter tit in the case may- 
have precluded adequate ignition and burning of the outer surface of the 
grain.     The other factor may have been that the black powder in the HES 
6405. 9 firings was directly bonded to the propellant surface.    Previously, 
it was loosely contained in a sealed cup which was bonded to the propel- 
lant.    Bonding of the black powder may have reduced its ability to ignite 
effectively the extruded propellant. grain.     While the black powder granu- 
lation had also been changed,   it was not believed the slightly coarser 
granulation of the A3a would cause the difference in performance. 

To determine the effect of bonding,   cartridges were assembled in 
which similar weights of A3a black powder were added loosely or affixed 
to the top surface of case bonded HES 6405. 9 propellant grains.     As be- 
fore,   Hycar 4021 was used as the binder.     The results of firings are 
presented in Table VIII. 

TABLE   Vlli.      Affect of Loose «nd Bonded A3a Black Powde» 
on Ballistic Performance of HES 6405. 9 Propellant 

Weight Peak Ignition Rise 
A3a Black Powder Pressute Delay Time 

(gr) Form 

Loose 530 

(msec) 

12 

(msec) 

14 16 
660 13 16 
6 SO 12 15 
970 li 12 
540 12 17 

14 Bonded 660 12 15 
720 12 13 
660 13 14 

16 Loose 580 11 13 
1040 12 11 
680 11 12 
590 13 15 
540 13 15 

16 Bonded 1080 12 13 
690 10 13 
650 13 15 

11 
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For equal weights,   there was no significant difference between the 
peak pressures obtained with loose or bonded black powder.    Erratic and 
low pressures were still obtained with black powder:HES 6405. 9 propel- 
lant weight ratios of approximately 1:2.    In view of this undesirably high 
weight ratio of igniter to propellant,   it was decided to investigate use 
of other igniters requiring less charge weight. 

Under a differenct project^   ' it was found that M73 PAD cartridges 
yielded higher peak pressures whei?. assembled with a boron-potassium 
ritrate igniter* than with similar weights of A4 black powder.     The ig- 
iter grains,   designated USF~2A.   consist of 23. 7% boron/70.7% potas- 

sium nitrate/5. 6% binder (Laminae-Lupersol DDM in 98:2 ratio) and 
are pressed in the form of cylinders of 1/8 inch diameter and 3/16 inch 
ler gth. 

Cartridges were assembled using selected weights of USE-2A ig- 
niter bonded to the top of case-bonded HES 6405. 9 propellant grains. 
Hycar 4021 was used as the binder for the different constituents.     The 
results of firings are given in Table IX. 

TABLE  IX.      Effect of Various Weights of Bonded USF-2A Igniter 
on Ballistic Performance of HES 6405. 9 Propellant 

Weight 
USF-2A Igniter 

(gr) 

10 

12 

14 

16 

Peak Ignition Rise 
Pressure Delay Time 

(psi) (msec) (msec) 

500 12 19 
590 15 17 
540 13 18 

640 12 20 
620 13 16 
930 12 16 

640 12 17 
6 30 14 23 

1050 12 23 

1220 12 20 
1140 11 13 
1390 10 15 

Source:   United States Flare Division of Atlantic Research Corporation. 
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A charge of 10 grains igniter yielded uniformly lo^sv pressures. 
Erratic pressures were obtained with both the  12- and 14-graiii charges, 
indicating marginal ignition a,t these weights.     Howaver,   the pressures 
obtained with the lb-grain igniter charge were relatively uniform and 
similar to those yielded by standard cartridges.     Thus,   for a 16-grairi 
igniter charge,   improved uniformity and higher pressures were obtained 
with the USF-2A igniter than with A3a black powder,   indicating the in- 
creased effectiveness of the former in promoting the mass burning rate 
of the HES 6405. 9 propellant grain. 

The program was terminated at hhis point due to funding limitations. 
However,   the results,   while limited,   ii.dirate feasibility of attaining the 
desired ballistic performance using an infsgrated assembly of a case- 
bonded single,   extruded,   multiperforated propellant grain and igniter 
charge. 

DISCUSSION 

While the above system met ballistic specifications at 21° C,   an 
undesirably high weight ret"o of igniter fo propellant (approximately 1:2) 
was required to effect adequate ignftien and produce the required high 
gas generation rate,    fia view of the difficulty in adequately igniting the 
charge at this tempersiture,   sütisfacfcwy functioning at the minimum of 
the xeq «ired temperature ra: .ge,   -54* to 71" C,   may constitute a prob- 
lem.    While no vibratio- tests w-re conducted,   there is no reason not 
to b«lieve that the cesc bon4e4,   enrtr.ided grain will have,   at least,   the 
same high vibration resistance a» did the case-bonded molded grain de- 
veloped under thi» program. x       Similarly,  the single extruded grain 
should have high thermal stability as the HES 6405 composition was 
specifically developed far arid was shown to bave high temperature re- 
sistant properties. ^' 

Since a single grair. extruded propellant charge has to be specifically 
developed and manufactured for each cartridge  (1. e. ,   the grain dimensions 
and weight are fixed by the case dimensions and performance require- 
ment),   widespread application of this concept to various PAD ca.rtridges 
does not appear warranted.     Furthermore,   extremely close processing 
control is required fv»r these propellant grains having a high ratio of 

13 
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diameter of length.    Slight variations in grain length may result in dis. 
proportionately large variations in charge weight. 

CONCLUSIONS 

An integrated assembly of a single extruded multiperforated pro- 
pellant gratn (HES 6405. 9) and required igniter charge was developed 
which met the ballistic specifications for the M91 PAD cartridge at nor- 
mal temperature.     To provide for high vibration resistance,  the propel- 
lant grain was bonded to the case and the igniter charge bonded to the 
top surface of the grain. 

While this concept has been shown to be feasible,   widespread ap- 
plication of this systenn to PAD cartridges is not warranted since a dif- 
ferent single grain propellant charge would have to be extruded for each 
cartridge type. 

14 
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